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0 Process for the optical resolution of pyranobenzoxadlazole compounds. 

0 A process for the optical resolution of a pyranobenzoxadiazoie compound represented by the formula [(±)l]: 




^ which comprises reacting the compound ({±)l] with an optically active carboxylic acid represented by the formula 

in 



CH3 



CI) 



III and separating the diastereomertc salt thus formed is disclosed. 
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PROCESS FOR THE OPTICAL RESOLUTION OF PYRANOBENZOXADIAZOLE COMPOUNDS 



BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to an optically active pyranobenzoxadlazole compound, which Is an important 
intermediate in the synthesis of an optically active pyranobenzoxadlazole derivative useful for the treatment 
of hypertension and asthma, and a process for the optical resolution of a pyranobenzoxadlazole compound. 



Descript ion of the Prior Art 

—^^^^^———^ ^— '- ' « 

A pyranobenzoxadlazole derivative represented by the formula [III] (which will be briefly referred to as 
the compound [III] hereinafter): 



wherien A represents a hydroxy! group or an 0C(0)CH3.„X„ group In which X represents a fluorine atom, a 
chlorine atom, a bromine atom, a methyl group or a methoxy group and n represents 0 or an integer of 1 to 



when represents a hydrogen atom. R2 represents a hydrogen atom. C(Z)CH9h,X„ group, in which Z 
represents an oxygen atom or a sulfur atom and X and n is as defined above, or C<Z)NHCH3^„ group, In 
which Z and n are defined above; and 

when does not represent a hydrogen atom, R< and together represent {CH2)m.iC(Z) group, in which m 
represent an integer of 4 or 5 and Z Is as defined above, (CHa)^NHC(Z) group or a (CH2)m40C(Z) group, 
in which Z and m are as defined above. 

is obtained in the form of a racemic mixture as described In Japanese Patent Laid-Open No. Hel Z-AQTQB 
(49788/1990) and U.S. Patent No. 4.900,752. The compound [lllj exerts Intense vasodllatory and hypoten- 
sive activities and thus is expected to be useful as a medicine for treating hypertension, angina pectoris, 
arrhythmia, cerebral circulation disorders and asthma. 

As described in the Japanese Patent Laid-Open No. Hei 2-49788 (40788/1990). the compound [III] can 
be synthesized in the following manner 
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Reaction Scheme 1 



10 



IS 



20 



25 




c (±) n 




00 



3$ 



40 



45 



Reaction Scheir.e 2 

Compound C ( ± ) 13 

CC0)N'CH3-,X„ or X„CH3-„NC(S) 



(catalyst) 



H^^(Z)NHCH3-„ Xn 
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Reaction Scheme 3 

Compound C ( ± ) 13 

(1)YC(0)(CH2)„-,YV-HY (2)-HY' 



(CH2)™-jj:(0) 




CCD 



Reaction Scheme 4 

Compound C ( x ) I ) 

(l)(0)CN(CH2)n.-.YV(catalyst)(2)-HY' 

~ Y'(CH2)„-,NC(S) ' 




CD) 
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Reaction Scheme 5 

Compound [(+)l3 



(l)YC(0)0(CHs)n.-iYv'-HV {2.i-HY' 



»o (CH2)--30C(0) 



1 




(Ej 



In the above reaction schemes. Y represents an leaving group such as a halogen atom (for example, a 
chlorine, bromine or Iodine atom), an acetoxy group or a trifluoroacetoxy group; 

represents a chlorine atom, a bromine atom, an iodine atom, an o- or p-toluenesulfonate group or a 
methanesulfonate group; and 
2$ m, n and X are as defined above. 

The compound [A], which is a compound [III] wherein represents a hydrogen atom, can be prepared 
by reacting a pyranobenzoxadiazole compound, which Is obtained in the form of a racemic mixture (briefly 
referred to as the compound [(i)l] hereinafter), with an acylating agent YC(0)CH3^X„. in which X. Y and n 
are as defined above, optionally in the presence of a base (refer to Reaction Scheme 1). 
30 The compound [B], which Is a compound [III] wherein R^ represents a hydrogen atom, can be prepared 
by reacting the compound l(±)\] with an isocyanate C(0)NCH3^n or isothiocyanate XnCH3^NC(S) in which 
X, Z and n are as defined above (ref^r to Reaction Scheme 2). 

The compound [C], which is a compound [111] wherein R^ and R^ together represent (CH2)m.iC(0) group, 
can be prepared by reacting the compound [(±)l] with an acylating agent YC(0)(CH2)m.1Y^ in which Y. Y^ 
35 and m are as defined above, optionally in the presence of a base and then cyclizing the reaction product 
optionally in the presence of a base (refer to Reaction Scheme 3). 

The compound [0], which is a compound [HI] wherein R^ and R^ together represent (0H2)(n^NHC(Z) 
group in which Z and m are as defined above, can be prepared by reacting the compound [(±)l] with an 
isocyanate (0)CN(CH2)m.2Y^ or Isothiocyanate (S)CN(CH2)nv2Y^. In which Y^ and m are as defined above, 
40 and then cyclizing the reaction product optionally in the presence of a base (refer to Reaction Scheme 4). 

The compound [E], which is a compound [III] wherein R^ and R^ together represent (CH2)m-20C(0) 
group in which m is as defined above, can be prepared by reacting the compound ({±)l] with a 
halogenocarbonate YC(0)0(CH2)m-2Y\ in which Y. Y^ and m are as defined above, optionally in the 
presence of a base and then cyclizing the reaction product optionally in the presence of a base (refer to 
46 Reaction Scheme 5). 

In the above reaction schemes, a compound of [III] wherein Z is a sulfur atom may be obtained by 
sulfurizing the corresponding compound wherein Z is an oxygen atom with Lawesson's reagent 

As described In the Japanese Patent Laid-Open No. Hel 2-49788 (49788/1990). the compound [(±)l] 
may be prepared in the following manner: 

50 
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The compound [(t)\] may be obtained by treating a known compound [F] with sodium hypochiorite, 
reducing N-oxIde group of the compound [G] thus fomned with a reducing agent such as triethyl phosphite 
and then reacting the compound [H] thus formed with ammonia in an inert soivent. 

However, there has never been reported the optical resolution of the compound [(±)l]. 

Furtfiermore, the ai^ove-mentioned racemic compound [III], which carries asymmetric carbon atoms at 
tile 3- and 4- positions of the pyran ring, has two optical isomers (compound [HIT and [111*1). However, the 
above Japanese Patent l^id-Open No. Hei 2-49788 (49788/1990) describes neither ttiese optically active 
pyranobenzoxadiazoie derivatives nor any process for the production of the same. 

In the field of medicines, it Is frequently observed that optical Isomers are different from each other In 
pharmacological activity and safety. Therefore. It is desirable to optically resolve these Isomers In order to 
develop better medicines. 

The present inventors have found out that an optically active pyranobenzoxadiazoie derivative 
(corresponding to the compound [IIH). which is synthesized via an optically active pyranobenzoxadiazoie 
compound showing dextrorotation in etiianoi (con^esponding to the compound [(-i-)!] which will be described 
hereinafter), is remarkably superior to an optically active pyranobenzoxadiazoie derivative (conresponding to 
the compound [III**]), which is synthesized via an enantiomer (conresponding to the compound [(-)!] which 
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will be described hereinafter), from the viewpoint of medicinal activities, thus completing the present 
invention. 



SUMMARY OF THE INVENTION 



10 



IS 



Accordingly, the present invention relates to a process for the optical resolution of the compound [(±)l] 
which comprises reacting the pyranobenzoxadiazole compound of the formula [(±)1]: 




^ in the form of a racemic mixture with an optically active carboxyllc add of the formula [II]: 

CHa 



hoh: 



O-CHCOiH 



which will be briefly referred to as the compound [II] hereinafter, and then separating the diastereomeric salt 
thus formed. Further, the present invention relates to an optically active pyranobenzoxadiazole compound [- 
30 (±)l] showing dextrorotation in ethanol (corresponding to the above compound U + )\] between the two optical 
isomers obtained by the above-mentioned process. 

The compound [II], which is an optically resolving agent and occurs as two optical isomers of the 
compound [( + )ll] and [(-)ll]. may be synthesized by a method described in Japanese Patent Laid-Open No. 
Sho 61-83144 (83144/1986). 

36 Now, tiie process for optically resolving the compound [(±)l] into the compound [( + )l]. and the 
enantiomer thereof, namely [(-)!] will be described in detail. 
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[Reaction Scheme Ij 
Step A 
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In the step A, the compound [(±)l] is reacted with the compund [(-)U]. which is used as an optically 
resolving agent, and crystallized. Thus a diastereomeric salt can be easily obtained in the form of 

crystals. 

It is to be noted here, however, the obtained crystals may be solvated depending on the solvent used 
(refer to Examples). 

Likewise, a diastereomeric salt [(-)I ( + )II1 can be easily obtained by using the compound [( + )ll] as an 
optically resolving agent. 
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Thus the desired optical Isomer of the compound [(±)l] can be easily obtained by appropriately 
selecting the resolving agent. 

As the solvent to be used in the step A, ketones such as acetone and methyl isobutyl ketone are 
preferable, though the present Invention is not restricted thereby. In this case, the diastereomeric salt Is 
5 crystallized out in the form of a solvate. 

The reaction temperature may usually range from -20 to 100*C. preferably from 10 to 30* C. 

The crystallization temperature may usually range from -20 to 50* C, preferably from -10 to 20* C. 

The diastereomeric salt thus crystallized out may be further recrystallized from, for example, acetone to 
thereby give a crystalline diastereomeric salt of a high purity. 
10 In the step B. the crystalline diastereomeric salt [( + )l'(-)ll] or a solvate thereof Is reacted with a base 
selected from among sodium hydrogencarbonate, potassium hydrogencarbonate. sodium carbonate, potas- 
sium carbonate, sodium hydroxide and potassium hydroxide. Thus the target compound ({ + )l] showing 
dextrorotation in ethanol can be easily obtained. 

Likewise, the compound [(-)!] can be easily obtained from the diastereomeric salt [(-)! ( )ll] or a solvate 
75 thereof. 

The optical purity of the compound [( + )ll can be determined by reacting said compound with methyl 
tsocyanate to thereby give a urea compound of the formula [(+)IV]. 



NHCONHCH 



20 



25 




and then analyzing the obtained compound with the use of an optically active liquid chromatographic 
column (Chiralcel OC mfd. by Daicel Chemical Industries. Ltd.). 

The optical purity of the compound [(-)!] can be determined in the same manner. 

As will be shown hereinafter in Test Example, the compound [lir] prepared from the compound [{ + )l] in 
accordance with the method described in tiie above-mentioned Japanese Patent Laid-Open No. Hei 2- 
49788 (49788/1990) shows an extreme-ly high activity of lowering blood pressure, as compared witii tiie 
enantiomer (compound [ilH) prepared from the compound [(-)!]. 

It is obvious, therefore, that tiie application of the compound [ill*] to the treatment of. for example, 
hypertension is more effective tiian the application of the compound [111]. 

An analysis with the use of an optically active liquid chromatographic column (Chiralcel OC, mfd. by 
Daicel Chemical Industries, Ltd.) has proved that no racemization occurs during the preparation of the 
compound [HIT from the compound ((+)!] or the preparation of the compound [HIT from the compound [(- 



Test Example, Examples and Referential Examples 

(1) Test Example (hypotensive activity) 

The compounds [111*] and [lir] were each dissolved or suspended in a 0.5% aqueous solution of 
methylceilulose and forcedly administered to three male spontaneously hypertensive rats aged 11 weeks 
via an oral route witii the use of a gastric probe. 

The animals were prewarmed in a warm box at 50* C for three to five minutes and then transported into 
a restraining cage at 37* C to measure the systolic blood pressure by a tail-cuff method (KN-210-1, mfd. by 
Natsume Seisakusho Co.. Ltd.). Table 1 gives tiie percentage lowering of blood pressure one hour after the 
administration. Each value represents the mean of the three animals. 

Table 2 gives the analytical data of the compounds [ill*] and [lin* 
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(a) Step A: resolution of diastereomeric salt [(-*-)i*(-)ll acetone solvate] and diastereomeric salt [(-)l'( + )li 
acetone solvate] 

117.6 g (0.500 mol) of {±)-7.8-dlhydro-e.6-dlmethyl-7-hydroxy-8-amlno-6H-pyrano[2.3-f]benz-2.1-3-ox- 
5 adiazole (compound [(±)l]) and 92.9 g (0.610 mol) of (-)-2-(4-hydroxyphenoxy)proplonlc acid (compound [(- 

)ll]) were dissolved In 1000 g of acetone and stirred for three hours under ice-cooling. 

The crystals thus precipitated were filtered by means of suction, washed with 500 ml of Ice-cooled 

acetone and dried under reduced pressure. Thus 64.6 g of a diastereomeric salt [(-}l*(-)ll acetone solvate] 

was obtained In the form of pale yellow crystals (yield: 27.2%, optical purity: 95.7% e.e.). 
10 This diastereomeric salt [( + )l (-)ll acetone solvate] was heated under reflux in 270 g of acetone and 

then 77 g of the acetone was distilled off. The residue was crystallized out under ice-cooling for two hours. 

Thus the optical purity of the diastereomeric salt [( + )l (-)ll acetone solvate] was elevated to 100% e.e. 

(yield: 80%). 

In the measurement of the m.p. of this product, it began to slowly decompose from around 102* C. As a 
16 result of nonaqueous titration with perchloric acid In acetic acid, it was confirmed that one molecule of 
acetone was solvated. 

On the other hand, the filtrates were combined and the acetone was distilled off therefrom. Then 1500 
ml of ethyl acetate. 1000 ml of water, 32.8 g (0.39 mol) of sodium hydrogencarbonate and 200 g of sodium 
chloride were added to the residue followed by shaking. 
20 The obtained solution was allowed to stand to thereby cause phase separation. The ethyl acetate phase 
was collected and 200 ml of water, 6.56 g (0.078 mol) of sodium hydrogencarbonate and 40 g of sodium 
chloride were added thereto. The obtained mixture was shalcen again and allowed to stand to thereby cause 
phase separation. 

The ethyl acetate phase thus obtained was dded by adding anhydrous sodium sulfate and filtered and 
25 then the ethyl acetate was distilled off therefrom. Thus 94.7 g of a brown solid was obtained. 

This brown solid and 73.4 g (0.403 mol) of ( + )-2-(4-hydroxyphenoxy)propionlc acid (compound [{ + )il] 
were dissolved in 700 g of acetone and stirred under ice-cooling for three hours. 

The crystals thus precipitated were filtered by means of suction, washed with 280 ml of ice-cooled 
acetone and then dried under reduced pressure. Thus 75.79 g of a diastereomeric salt [(-)l'( + )il acetone 
30 solvateD was obtained in the fonm of pale yellow crystals (yield: 31.9%. optical purity: 100% e.e.). 

In the measurement of the m.p. of this product, It began to slowly decompose from around 102* C. As a 
result of nonaqueous titration with perchloric acid In acetic acid, it was confirmed that one molecule of 
acetone was solvated. 

36 

(b) Step B: resolution of compounds H+)il and [(-)l] 




To 66.7 g (0.140 mol) of the diastereomeric salt [(-i-)l*(-)li acetone solvate] were added 1000 ml of ethyl 
acetate, 700 ml of water. 17.0 g (0.160 mol) of sodium carbonate and 140 g of sodium chloride, followed by 
shaking and allowing to stand to thereby cause phase separation. 

The ethyl acetate phase was collected and washed with 200 ml of water, 2.1 g (0.020 mol) of sodium 
carbonate and 40 g of sodium chloride. Further, it was washed with an aqueous solution of sodium chloride 
(40 g/200 ml of water). Then the ethyl acetate phase was dried by adding anhydrous sodium sulfate and 
filtered. After distilling off tiie etiiyi acetate, 31.85 g of the compound [(+)l] was obtained (yield: 96%). 

Separately, the diastereomeric salt [(-)l-( + )ll acetone solvate] was treated in the same manner as the 
one described above. Thus the compound [(-)!] was obtained. 
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[Analytical data] 

m.p.: 145 - 146* C (both of the compounds [(-i-)!] and [(-)!]) 

5 

Optical rotation: 

Compound [( + )!] : [ctff + 189* (c 0.50. EtOH) 
Compound t(-)ll : [a]g» - 189* (c =» 0.50. EtOH) 

10 

Optical purity: (determined under the conditions specificed in Table 2) 

Each test compound was reacted with methyl Isocyanate. The urea compound thus formed was 
analyzed with the use of an optically active liquid chromatographic column (Chiralcel OC. mfd. by Oaicel 
16 Chemical Industries, Ltd.). 

The compounds [(-f*)!] and [(-)!] showed each an optical purity of 100% e.e. 



MNR spectrum: 

Both of the compound [(-)!] showed each a spectrum identical with that of the compound [(±)l], i.e.. the 
racemlc mixture. 

NMR (CDC13 + DMSO-de) (ppm): 

1.26 (3H). 1.49 (3H). 2.80 - 3.30 (5H), 3,33 (1H), 3.78 (1H). 6.82 (1H) and 7.98 (1H) 



Example 2 



30 (a) Step A: resolution of diastereomeric salt [( + )l-(-)ll methyl isobutyt ketone solvate] and diastereomeric salt 
[(-)l (-t-)|| methyl Isobutyt ketone solvate] 

4.70 g (20 mmol) of (±)-7,8-dlhydro-6.6-dlmethyl-7-hydroxy-8-amino-6H-pyrano[2.3-f]benz-2.1.3-ox- 
adiazole (compound [(±)l]) and 3.70 g (20.3 mmol) of (-)-2-(4-hydroxypiienoxy)propionlc acid (compound [(- 
35 )ll]) were dissolved In 27.8 g of methyl Isobutyl ketone and stirred at 21 * C for 15 minutes. 

To the solution thus obtained was added 10 mg of a seed crystal [( + )r(-)li methyl isobutyl ketone 
solvate]. Stining was continued for additional two hours to thereby crystallized out the product. 

Next, the stirring was ceased and the reaction mixture was altowed to stand in a refrigerator overnight 
The crystals thus precipitated were filtered by means of suction, washed with 7.1 g of cold methyl 
40 isobutyl ketone and dried under reduced pressure. Thus 4.59 g of a diastereomeric salt [( + )l'(-)ll methyl 
isobutyl ketone solvate] was obtalnted in the form of pale yellow crystals (yield: 44.4%). 

In the measurement of the m.p. of this product, it began to slowly decompose from around 95* C. As a 
result of nonaqueous titration with perchloric acid In acetic acid. It was confimied that one molecule of 
methyl isobutyl ketone was solvated. 
46 On the other hand, the filtrates were combined and 28.2 g of a 20% aqueous solution of sodium 
chloride and 1.22 g (11.5 mmol) of sodium carbonate were added thereto. The obtained mixture was 
shaken, allowed to stand to thereby cause phase separation. The methyl isobutyt ketone phase was 
collected and shaken again together with 9.4 g of a 20% aqueous solution of sodium chloride. Then it was 
allowed to stand to thereby cause phase separation. 
so To the methyl isobutyl ketone phase thus obtained was added 2.07 g (11.4 mmol) of ( + )-2-(4- 
hydroxyphenoxy)propionic acid (compound [( + )ll]). After dissolving the compound by stinging at room 
temperature. 10 mg of a seed crystal [(-)l*( + )ll methyl Isobutyl ketone solvate] was added thereto to thereby 
crystallize out the product Then the reaction mixture was allowed to stand In a refrigerator overnight 

The crystals thus precipitated were filtered by means of suction, washed with 7.1 g of cold methyl 
55 isobutyl ketone and dried under reduced pressure. Thus 4.25 g of a diastereomeric salt [( + )l (-)ll methyl 
isobutyl ketone solvate] was obtained In the form of pale yellow crystals (yield: 41.1%). 

In the measurement of the m.p. of this product, It began to slowly decompose from around 95* C. As a 
result of nonaqueous titration with perchloric acid in acetic acid, it was confirmed that one molecule of 



13 



EP 0 409 165 A2 



methyl isobutyl ketone was solvated. 



(b) Step B: resolution of compounds and [(-)l] 

5 

To 4.26 g (8.23 mmol) of the diastereomeric salt + methyl Isobutyl ketone solvate] obtained In 
the above step A were added 53.4 g of ethyl acetate, 42.7 g of water. 0.873 g (8.23 mmol) of sodium 
carbonate and 10.7 g of sodium chloride, followed by shaking and allowing to stand to thereby cause phase 
separation. 

10 The ethyl acetate phase was collected and washed with 14.2 g of water and 3.6 g of sodium chloride. 

The ethyl acetate phase was dried by adding anhydrous sodium sulfate thereto and filtered. After 
distilling off 48.6 g of the ethyl acetate. 7.3 g of hexane was added to the residue followed by crystallization 
under ice-cooiing for three hours. Then the crystals thus precipitated were collected. Thus 1.84 g of the 
compound [( + )l] was obtained (yield: 95%). 
16 The diastereomeric salt [(-)!'( + )lt-methyt Isobutylketone solvate] was treated in the same manner as the 
one described above. Thus the compound [(-)!] was obtained. 

The compounds [(+)!] and [(-)!] showed each an optical purity of 100% e.e. 



20 (3) Referential Examples 



Referential Example 1 

26 

(a) Synthesis of ( + )-7,8-dlhydro-e,6-dlmethyl-7-hydroxy-8-(n-(1 -oxo-5-chloro)pentyl)amlno-6H-pyrano(2.3-fh 
benz-2.1.3-oxadiazole (intermediate) 



30 




CCOCHaCHaCHaCHaCi 



( + ) - form 



715 mg (3.04 mmol) of ( )-7,8-dlhydro-6.6-d{methyi-7-hydroxy-8-amino-6H-pyrano[2.3-f}benz-2.1 .3-ox- 
adiazole [compound (+)!], 470 ul of triethylamlne and 70 ml of methylene chloride were stin-ed at room 
temperature. To the obtained solution was added 430 ul (3.34 mmol) of 5-chloro-vaIeryI chloride. After 
reacting for two hours, the reaction mixture was washed with water thrice. The methylene chloride phase 
was dried over anhydrous sodium sulfate and filtered. After distilling off the solvent, the titled compound 
was obtained. This product was not purified any more but subjected to the following reaction as such. 



(b) Synthesis of ( + )-7,8-dihydro-e,6-dimethyl-7-hydroxy-8-(2-oxo-1-piperidinyl)-6H-pyrano[2,3 f ]benz-2.1 .3- 
oxadlazole (corresponding to compound [IIP]) 



55 
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0 



..OH 

. CH3 • {-)-form 




1 .08 g of ( + )-7,8-dihydro-6,6-dlnnethyl-7-hydroxy-8-{n-{1 -oxo-5-chloro)penty l)amino-6H-pyrano[2,3-f ]- 
b6nz-2.1-3-oxadiazole, 8.40 g (60.8 mmoi) of potassium carbonate and 1.01 g (6.08 mmol) of potassium 
iodide were suspended in 200 ml of acetone and heated under reflux for nine liours in a nitrogen 
atmospliere. 

After cooling, the insoluble matters were filtered off and the filtrate was diluted with ethyl acetate, 
washed with brine once and dried over anhydrous sodium sulfate. 

After distilling off the solvent, the residue was treated by preparative silica gel thin layer chromatog- 
raphy (developing solvent: ethyl acetate). Thus 40 mg of the titled compound was obtained (yield; 4%). 
Some portion of this product was then crystallized from ethyl acetate to thereby give pale yellow crystals. 
[Analythical data] 
m.p.: 180- 182' C. 

Optical purity: 100% e.e. (refer to Table 2) 



Referential Example 2 



(a) Synthesis of (-)-7,8-dihydro-6.6-dlmethyl-7-hydroxy-8-(n-(1-oxo-5-chloro)pentyl)amlno-6H-pyrano[2.^^^ 
benz-2,l.3-oxadiazole (intermediate) 



769 mg (3.27 mmol) of (-)-7.8-dihydro-6.6-dlmethyi-7-hydroxy-8-amino-6H-pyrano(2,3-f]benz-2.1.3-ox- 
adiazoie [compound (-)!]. 500 ul (3.60 mmol) of triethyiamine and 70 mi of methylene chloride were stirred 
at room temperature. To the obtained solution was added 465 ul (3.60 mmol) of 5-ch!orovaleryl chloride. 
After reacting for two hours, the reaction mixture was washed with water thrice. The methylene chloride 
phase was dried over anhydrous sodium sulfate and filtered. After distilling off the solvent, the titled 
compound was obtained. This product was not purified any more but subjected to the following reaction as 
such. 



(b) Synthesis of (-)-7,8-dihydro-6.6-dimethyl-7-hydroxy-8-(2-oxo-1-piperidinyl)-6H-pyrano[2,3-flbenz-2,l .3-ox- 
adiazoie (corresponding to compound [lir]) 



C( 



OCHsCHaCHaCHcCi:' 




( - ) - form 



15 
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10 



5 



0 




( - )-f orm 



1 .16 g of H-7.8Kiihydro-6.6-dimethyI-7-hydroxy-8-(n-(1-oxo-5-chloro)pentyl)amlno-6H-pyrano[2,^^^ 
IS 2.1.3-oxadlazole. 9.04 g (85.4 mmol) of potassium carbonate and 1.09 g (6.54 mmof) of potassJum iodide 
were suspended In 200 ml of acetone and heated under reflux for nine hours in a nitrogen atmosphere. 

After cooling, the insoluble matters were filtered off and the filtrate was diluted with ethyl acetate, 
washed with a saturated aqueous solution of common salt once and dried over anhydrous sodium sulfate. 
After distilling off the solvent, the residue was treated by preparative silica gel thin layer chromatog- 
20 raphy (developing solvent: ethyl acetate). Thus 47 mg of the titled compound was obtained (yield: 5%). 
Some portion of this product was then crystallized from ethyl acetate to thereby give pate yellow crystals. 
[Analytical data] 
m.p.: 180- 182* C. 

Optical purity: 100% e.e. (refer to Table 2) 



Referential Example 3 

30 Synthesis of ( + )-7.8-dlhydro-6.6-dimetiiyl-7-hydroxy-8-propionylamino-6H-pyrano[2,3-f]benz-2,1 ,3-ox- 
adlazoie (corresponding to compound [lir]) 



1.29 g (5.48 mmol) of ( + )-7.8-dihydro-6.6-dImethyl-7- hydroxy-8-amino-6H-pyrano [2,3-f]ben2-2.1 .3- 
oxadiazole (compound (+)i]. 690 mg (6.8 mmol) of triethylamine and 40 mi of methylene chloride were 
stirred at room temperature while 610 mg (6.6 mmol) of proplonyl chloride was added thereto. The mixture 
was stirred at room temperature for four hours. The reaction mixture was extracted with 600 ml of ethyl 
acetate and 300 ml of water. The organic phase was collected and dried over anhydrous sodium sulfate. 
The filtrate and tiie residue obtained after distilling off the solvent were crystallized from a solvent mixture 
comprising 10 g of ethyl acetate and 5 g of hexane. allowed to stand in a refrigerator overnight and tfien 
filtered by means of suction. The obtained crystals were washed with 3-ml portions of etfiyl acetate/hexane 
(2:1) twice and dried under reduced pressure to tiiereby give tine titied compound in the form of a 
colorless product. 
[Analytical data] 
^ m.p.: 179 - 180*C, 

Optical purity: 100% e.e. (refer to Table 2) 



25 



3S 




NHCCOCHaCHa 



40 



CH3 
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Referential Example 4 



Synthesis of (-)-7.8Hjihydro-6,6-dinnethyl-7-hydroxy-8-propionylanrilno-eH-pyrano[2.3-f]benz-2»1 .3-oxadlazote 
(conrespondlng to compound [IIH) 




52 mg (0.22 mmol) of (-)-7,8-dlhydro-6,8-dfmethyl-7-hydroxy-8-(n-(1-oxo-5-chloro)pentyl)amino-eH- 
pyrano(2.3-f]benz-2.1.3-oxadlazole [compound (-)l]. 34 ul (0.24 mmol) of triethylamine and 5 ml of 
methylene chloride were stirred at room temperature while 21 uf (0.24 mmol) of proplonyl chloride was 
added thereto. The mixture was stirred at room temperature for six hours. 

After the completion of the reaction, the reaction mixture was washed with water thrice and dried over 
anhydrous magnesium sulfate. After distilling off the solvent, the residue was recrystalllzed from ethanol to 
thereby give 15.mg of a pure titled compound (yield: 23%). 
[Analytical data] 
m.p.: 179 - 180" C. 

Optical purity: 100% e.e. (refer to Table 2) 



Referential Example 5 



Synthesis of ( + )-7,8-dihydro-6,6-dimethy l-7-hydroxy-8-methylureldo-6H-pyrano[2,3-f ]benz-2,1 ,3-oxadiazole 
(corresponding to compound (+)IV) 



NKCONHCH3 




( + ) - form 



300 mg (1.28 mmol) of ( + )-7.8-dihydro-6.6-dlmethyl-7-hydroxy-8-amino-6H-pyrano[2.3-f]benz-2.1.3-ox- 
adiazole [compound ( + )l] and 15 ml of dichloromethane were stirred at room temperature. To the obtained 
solution was added 120 mg (2.10 mmol) of methyl isocyanate. The mixture was stirred at room temperature 
(20 'C) for five hours. 

The reaction mixture was crystallized in a refrigerator and the crystals thus precipitated were filtered. 
Thus 214 mg of the titled compound was obtained in the form of coloriess crystals (yield: 58%). 
[Analytical data] 
m.p.: 165 - 187* C. 

Optical purity: 100% e.e. (refer to Table 2) 



17 



EP 0 409 165 A2 



Referential Example 6 



Synthesis of (-)-7.8<llhydro-6,6-dlmethyl-7-hydroxy'^methylureldo-eH-pyrano[2,3-f]^^ 
(corresponding to compound (-)IV) 



10 



IS 



NHCONHCH: 



OH 




* CHs (-)-form 



20 



25 



300 mg (1.28 mmol) of (-)-7,8-dIhydro-e.8-dImethyl'7-hydroxy-8-amlno-6H-pyranot2.3-f]ben2-2.1.3-ox- 
adiazote [compound (-)!] and 20 ml of dlchloromethane were stirred at room temperature. To the obtained 
solution was added 120 mg (2.10 mmol) of methyl isocyanate. The mixture was stirred at room temperature 
(20 C) for five hours. 

The reaction mixture was crystallized In a refrigerator and the crystals thus precipitated were filtered. 
Thus 195 mg of the titled compound was obtained in the form of colorless crystals (yield: 52%). 
[Analytical data] 
m.p.: 165 - 167* C. 

Optical purity: 100% e.e. (refer to Table 2) 



30 



Referential Example 7 



36 



Synthesis of 7.8-dihydn>6,e-dimethyi.7.8-epoxy-6H-pyrano[2.3-fIbenz-2.1,3-oxadiazole 3-oxide (compound 

m 



40 



45 




SO 



55 



4.41 g (18.9 mmol) of 6-amino-3.4-dlhydro-2»2-dimethyl-3,4-epoxy-7-nitro-2H-benzo[b]pyran (compound 
[Fj). 1.29 g (32 mmol) of sodium hydroxide. 400 mi of ethanol and 40 ml of water were stirred at room 
temperature while 32.2 g (28 mmol) of a 6% aqueous solution of sodium hypochlorite was slowly added 
thereto dropwise. Then the obtained mixture was stirred for one hour. 

After the completion of the reaction, 1 I of an aqueous solution of common salt was added thereto and 
the mixture was extracted with ethyl acetate thrice. The ethyl acetate phases were combined, washed with 
brine and dried over anhydrous sodium sulfate. 

After distilling off the solvent, the residue was treated by silica gel column chromatography [developing 
solvent ethyl acetatemexane 1 : 2 (vA/)]. Thus 4.00 g of the titied compound was obtained in the form of 
yellow crystals (yield: 92%). 
[Analytical data] 
m.p.: 144-145*0. 
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Referential Example 8 

Synthesis of 7,8-dihydro-6,6-dimethyi-7,8-epoxy-6H-pyrano[2.3-f]benz-2.1 .3-oxadiazole (compound [H]) 



10 




'6 1.00 g (4.27 mmol) of 7,8-dihydro-e.e-dlmethyl-7.8-epoxy-6H-pyrano[2.3-f]benz-2.1,3-oxadlazole-3-oxide 
(compound [Q]) and 6 ml of benzene were stirred at 60* C, while 0.80 ml (4.70 mmol) of triethyl phosphite 
was added thereto dropwise within 15 minutes. Next, the obtained mixture was stirred for three hours. 

After distilled off the solvent, the residue was treated by silica gel column chromatography [developing 
solvent: ethyl acetate/hexane 1 : 1 (v/v)]. Thus 0.82 g of the titled compound was obtained (yield: 88%). 

20 Some portion of this product was recrystallized from hexane to thereby give yellow crystals. 
[Analytical data] 
m.p,: 97 - 99*C. 



25 Referential Example 9 



Synthesis of 7,8-dihydro-6.6-dimethyl-7-hydroxy-8-amino-6H-pyrano[2,3-f]benz-2.1.3-oxadiazoie (compound 
[(*)!]) 



OS 




0.82 g (3.8 mmol) of 7,8-dihydro-6.6-dlmethyl*7,8-epoxy-6l-l-pyrano[2.3-f]benz-2,1,3-oxadiazofe 
(compound [H]) was dissolved in 25 ml of 16.7% ammonia/ethanol and then allowed to react in a pressure 
glass tufc>e at 60 * C for 48 hours. 

The reaction solvent was distilled off and the residue was treated by silica gel column chromatography 
[developing solvent: ethyl acetate/methanoi 5 : 1 (v/v)] to thereby give 0.77 g of the titled compound (yield: 
87%) as a brown solid. 

Some portion of this product was recrystallized from ethanol to thereby give a pure titled compound in 
the form of colorless crystals. 
[Analytical data] 
m.p.: 159 - 162' C. 
NMR (CDCI3 + DMSO-ds) 5 (ppm): 

1.26 (3H), 1.49 (3H, 2.80 - 3.30 (5H). 3.33 (1H), 3.78 (1H). 6.82 (1H) and 7.98 (1H) 
Mass spectrum: 

133 (50%), 163 (100%) and 235 (M\ 3%) 



Claims 
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1. A process for the optical resolution of a pyranobenzoxadiazole compound represented by the formula [- 



10 




OH 

CH3 c (±) n 

CH, 



16 



which comprises reacting the compound [(±)l] with an optically active carboxyllc acid represented by the 
formula [11]: 



20 



^ CH, 

HO-f' V0-CHCO2H 



and separating the diastereomeric saJt thus fonned. 

2. A process for the optical resolution as claimed in claim 1, which comprises reacting the compound 
26 represented by the formula [(±)l] with the compound represented by the formula t(-)ll] to obtain a reactive 

product as crystallized diastereomeric salt [( + )l {-)ll] or a solvate thereof, and treating said diastereomeric 
salt [( + )l (-)ll] or the solvate thereof with base to obtain the compound represented by the formula [(+)!]. 

3. A process for the optical resulution as claimed in claim 2, wherein the reaction temperature is from -20 
C to 100 'C. 

30 4. A process for the optical resulution as claimed in claim 2. wherein the crystallization temperature of said 
diastereomeric salt [( + )l (-)ll] or the solvate thereof Is from -20 * C to 50 ' C. 
5. An optically active pyranobenzoxadiazoie compound represented by the fonmula 



35 



40 




46 



60 



56 



showing dextrorotation In ethanol. 

Claims for the following Contracting States: ES.GR 

1. A process for the optical resolution of a pyranobenzoxadiazoie compound represented by the formula [- 




c (±) n 
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which comprises reacting the compound [(±)l] with an optically active carboxylic acid represented by the 
formula [II]: 

CH, 

HO-^^O-CHCOjH CI) 



10 



16 



20 



25 



and separating the diastereomeric salt thus formed. 

2. A process for the optical resolution as claimed in claim 1, which comprises reacting the compound 
represented by the formula ((*)!] with the compound represented by the formula [(-)ll] to obtain a reactive 
product as crystallized diastereomeric salt [( + )l (-)ll] or a solvate thereof, and treating said diastereomeric 
salt [( + )l'(-)ll] or the solvate thereof with base to obtain the compound represented by the formula [( + )!]. 

3. A process for the optical resulution as claimed in claim 2, wherein the reaction temperature is from -20 
'Cto 100 *C. 

4. A process for the optical resulution as claimed in claim 2, wherein the crystallization temperature of said 
diastereomeric salt [( + )\'(-)\\] or the solvate thereof is from -20 * C to 50 * C. 

5. The use of an optically active pyranoisenzoxadiazole compound represented by the formula [( + )l]: 




c ( + ) n 



30 showing dextro rotation in ethanol for the preparation of a a pyranobenzoxadiazole derivative represented by 
the formula [III]: 



36 



40 




cm) 



wherlen A represents a hydroxyl group or an 0C(0)CH3.nXn group in which X represents a fluorine atom, a 
chlorine atom, a bromine atom, a methyl group or a methoxy group and n represents 0 or an Integer of 1 to 

3; 

when represents a hydrogen atom, represents a hydrogen atom. C(Z)CH3.rtXn group, in which Z 
represents an oxygen atom or a sulfur atom and X and n is as defined above, or C(Z)NHCH3^Xn group, in 
which Z and n are defined above; and 

when R^ does not represent a hydrogen atom, and R^ together represent (CI-l2)nioC(Z) group, in which m 
represent an integer of 4 or 5 and Z is as defined above. (CH2)m^NIHC(Z) group or a (CH2)m-20C(Z) group, 
in which Z and m are as defined above. 
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